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The dosign of lifting surfaces for asroplancs depunds
fundamentolly on two-dirmunsional date for thu .surofoil saotliong,with
flaps whore noocasary for control. Dute of .hia ..ind ore roquired for
tho usc of dosigners, ond for tho dovelopnont of mothods of caloulating
oontrol choractoristion ond atability dorivstives for finit. wingd.
Rosoorch.s on tho 1ift, pitching-nononts, and hinge-coscats of
acrofoils with pliwn flapa have boon oovrics wut ot phe Hational
Physiocal Laborstory it a Rgynolds number of sbout 1u”. Ths rogults of
thy cxporimonts heve boon prusunted in n gunesclised forv, Which showa
promisc of being applicoble over a wide vicide The suenersiised ouwrves
rave boun tustod aa far sa possibl. fror. othur sourcos, wmoLuding saw
tcots made on ono of thy M.P.L. soctiona in o Hel.Ee Tunno.. ot Reynolds

nurbors up to noarly 19/, It appuars thet o suggestion duu to Pruston
; that tho ratic of uxpuritantal 1ift alope (40 /dc = a1) 1o the

! thoorotiosl woluo {a1)p o curr.siouding to the Joukousky cordition of
flow past the tradling-odge, provides o criteron civing tha combinod
offects of Roynolds nusb.r, transition points, and surolsil slepo on
aC;, /4o, amd 13 2 very usoful startineeroant ror the stiration of
oontrol chammoturistion. Bru soncroliscd oherte in this rejert are
intendod for th. .atization oo hango—twi.nt snd pitching noomt
dorivativos frus: thu Clap—ohord ratio, &, »ftur o1/(ag)p b boen
Joterminod fror o apoi.i fagure. The lotter figure 2?’3.3.12) 12 a
kagy to tho whole pruccss, ol it waald sppenr te. 1o vury dosirsble to
Lprovo ita socuracy Wl usafulncss by furthor oxperirwnta 4 two-
Jizonsional 1ift-alupus of thin vings at high Huymvidd mrdes.

et e it o

Port I.- Tho Varistion of Lif% Gocffjosunt with Inc:acnos.

1, Intrehotion,

1.1s In o acrics of papers 12243, {113} Pruston originstod &
vothod of oo-oriin.ting sgoriantal results rulrtlng te pinoa hingod
fiops which atansl  nedse o coratloratle aofulncase The ogperinontal
valuos of 89, 37, be, b 308 SXPpreasel as rmiion sf tho cormaaponding
thourotions ¥oiwos for setuntiil fluwv, (2i)ms (v2jes (Y40 ‘mgvl&v tho
{ ciroulstian in the potantisl fioe baiag thot for whish the Ju
| cardition 0t thu truiling olgo i Mulfillewd. T% is srgual thr ¢ thoso

b . ‘m R\:i:m
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2¢ Theorotical Slope of the Lif't-Incideanoe Curvo (a1).3.

The thicknoss~chord retic ia the principal paramotor which
detoruines {a1)p , whilst thoro arc smail varistions dopending upan
tho ourvature <f the losding udge and uvpen the freiling edge angle or
trailing odge curvaturc, An approximato formula due to H. C. Garmor
hag boan founl nocurato anough fur use in oantrol cstimations, wviet

- LL(M )T CGL,_

= [] b

2x

8, ”Ov’lﬁ) ’\/é;{.\/ép}

whoeye On ® cemeiimccacilMiho e

T alteynativaly

8(30. A*JO\.HZ--* /6p;, + O.1540 tan t/2

CO [ TRy AR o 0 T s b (1 )

10.392

Hery

7 +0 is tho half ordinate of the profale at the quarter-chord
2.25 point.

7 r.75*° is tho half ordinato of the mprofile at the three-gquarter-
* chord paint

PL'®  1s the raliua of ouwrvnture 1t the laading odge
ppe© ia the rolius of curvaturv at the truiling odgs

T ia tho truiling elge angle. |
"1 "
In Pig.1 sro ;lotted valucs of —=* a3 » Punction of t/c the
&%
§ doknsss-chord ratio, for two families of relatod asorofuvil sections.
718 may pruvide sufficient information for an cotimate of (‘1)'1' in
R MYy ORROs,

on " » st K™

L

3.1. A sarios of tosts hovo boon mado at the NuIWL. {7 £1. No.2 famnol)

1. whigh tho lift, saong other guantitios, has boun woasurod on s 15K
Lok wing with it oaximx ordinato st &i% frac the loading odge. The

r Ar portion of the wing has bean gystapatioally nodifiod so as to give
anngeaftrg ing odge anglos from (° to 20°. Ramnolds murder is of

o oprtor 109, Tho trenaition point has beon variod in position fron

Oe1 to Qub5 of tho chord from the leading odge Ly coans of wirea. In

ad iition the tranaition was allowed to coour, without wires, botwoon

Cu55 and 0.7 ohoxd, Tho gap at the hinge was sithor oxtrecoly seoll or

8o .ol with grease in all tho axpurioents.
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The sections are drawn in Figa,.2, 3. Thay will be referred to
a8 the 15,1 sarios. The trailing odzo anglos (¢ ) weru approximstoly:

> —— - o -, - > - g - T T e e e A A MG W TR T O s e e . e Y T o S o

Saation 151 3 1%.1 tasic 15.1 b 15.4 a 18L,1 4

W a0 o A A Wl W T . B Uy oy O, Nt o o e i Y S i o W o o o bt O, 0. S ok O

T 13,27 1u® Jene? b 5? Cusp.

o O T e o W A S T o e Tt Y Pt O £ b

Tho cusp was dosignud 8o that the dorivativea up to  ddy/dx?
woro ell zoare, and in the manufsoture o vory thin boxwood treiling odge

Tho mothod of tost iz deacritod in Part 111,

Jeds Tho oxpurimentsl rosults from tho 7 £t. tunnocl aro plotted fa
ratios 8/(81)~ in PLg.12 for two positions of the transition
(0.1 and 2.5) aa fixod by suitablo wircs. Tho urrurs in thu moasurod
alopes apposr to bo of the ordar Z1#5. includod in the amme figure
sro curves frum dnts given {n ruports from thw HeACL.A. ond from tusts
wn the Comprussod ALr Tunncl st tho N.P.L. These sdlitional ourves aroe
camantod on in 3octian L.

e3¢ Puptiun 15610, troiiinp~edee angle 19,2°%, #ig, 2,

All the mcaagromonta of Ay are culleotoud in Piz.L and plotted
agoinat position of transitinn, Theru 2pponr to be two groups of rosults,
and the uppor, ruprosinted ly the 411 ling, aro belioved to oorrespond
to tho condition of wnbrcsun surfsces wel no troce of boundory layoer
soperstion, olther laminsr or turludent.  accardingly veluea from this
ourve are plotted on the ourves of Pig 7 wdch gaoves uhat are believod
0 be tlw Jost catlmates of 5y in terra of tranattion for Roynolda
nucber Y00, Whon the flap i L0 ohord (80t ot $° und gup suvaled) the
valuas of &y oorrospnling to the iojted cirve of Pig.l wers aclmoat
invarisbly mesaurvd, anl tro rulasuan fur this had not veon found when the
inveatigation hod tu bo liacentinued, ALl Ister work with smooth
surface up to at least 750 ol the chord frue thu leading odgo confimed
the highor valuos which lave Loun uscupted.

Bdeba  Juotiun 15461, trailing.odgo sngle 15°. Mia.d,

Tho rosults for this aootion (sou Pig.5) arv pimilar to thoso
for 15hia with lowor valuce whon tho murfeco wen brokoen st the hingo of
tho W04 flap, and tho Nl line valuos for smaller flaps, Tho lattur

are unod Ler plotting on Fig.7.
Y5 ons troil ingeo 8, 1541b,6,d,

Tho rosults for thoso sootiona are plotted in Pig.6 tho full
linos of Pigs.h snl 5 boing roproducel as woll in this figurv. In tho
oaso of 1511 theru is still tho sams tondangy to low valuos with tho
L% flap, as indiontod in Pig.7 whore tho sizo of flap is given with nost
of tho cbeervaticn points plotted. In soction 154ic the difference
botwean 20% ind 4O flnp modals is nogligidle, and apparently non-existent

with tho ocuspod sorofuil.
3e6./



3.6, Tho curve & i Pig.] roprosunts the veluo of tho 1ift curve
alopo as o functian of ‘ralling olge angle whon tranaition cocurs at
J.1¢ on both awrfrcos, the swrfocer 3re aao. th up to woll behind 60K
ghord, and thar. i3 no scparation f the boundasxy layers Similardy
curve B roprosunts tho lift curve slope fur transition at half-chord
«r boyond., Curve © gives the curve for aq  taken from Reference &,
which La mié t5 to bagel randly on tosts st Zoynolds nmumbers betwoon
Joanl x 109 The alepes wore tien over cush lerger angle rongos
stan theto lotoriine! fur this rupert ant thoy probably roprosont
corviitions of T forverd transitizn on the wper surface, and considorably
tack on the lowur. Tho securscy clodmeld being only 5% ourve € may bo
considorod ruughly to sgrec with tho results of ourves 4 and B oven
aftor roking sllovonou for hoymelds number and for variaticns of serufoil
thicknuas,

be The EfLoot of Ravpolds Myrbor on tho Slownc of tho Lift-inoidonco
Curve,

L.1, Onu uf the 1541 norofoils, (15418}, hos boon tecetod in tho
ReanoBe Huo2 195 Bift, Tunel vver o range of Reynolds nusbors, 2.5
tu noerly 10 x 105 Tho wvaluos of aq/(a1)p derivod from thoso tosts
tor transition positiung of C,1 and O.5% arv plottod against Raynolds
nwsbor in Pig.11, On the sw.c figurc arc plctted tho valucs of
ne/' < doducod fran s muebor of Now.Cun. tosts of two-dinonsional
tololo, Ref.9, which had trailing-edgu angles of approximately 20 deg.
In sumo oasos it was atatad in Hof,5 that tho tests woro rinde with
"luading«clto of stanlorl rouwhness”y  otheorwizo tho pesition of tho
transition jsint was pruswsolly swuoo sldstanoe bagk from tho loading-edge.
On £ige1t oro plottod tlso 4 fow oants lurivel from tests of ructangular
vungs of sajoot-ratio € 4n the Corpressed oir Tunnol ot the Notional
Physiesl Laboratory ovor 5 oraea 0 doymcllis nwbers  these oxperinontal
results wors sorreetsl ©or Lnucteritil Yy wging the onpirical fomula
due to He C. Garnere

/0 . Lt f {a/6) (2)

A e

whore (o) i3 tiae ne.gursd 1ift slopue  ooch plaottel point in
labollod with & raaor s;wcifying 1.0 tines tho thickness-chord rotic of
the ssati.n, anld thoae joints £or which truaition is likely to bo woll
forward ary distinguishel frs. the ruoainder fcr vhich transition is
UKD

L2, Sinilar plottings of ay/f{a4)p ogninot Roynolds nusber aro
given in Pigs. 8, § wnl 10 for servfoils with trailing-odgo snglos in tho
notgtbourhea ) of 5, 1. and 15 }o%;rnaa rospoctivoly. Tho datt arv takan
£ra HewiCome sourcos (Rofe, 5, 6 and othor roports), frao Comprussod
Wir Turnol tusta, sr woll as fron tho 1541 sorios testa in tho HoPsle
7 ¢, Turnol., On cach of the fizuros 8, 9, 10 anl 11, full lino curvos
sre Arman onsloains dotwoon thon the najority of tho plotted points,
ThoBe CUIVeS Wars Lewwn 8. that ercss dotting against treiling-edgo anglo
yiollold aro- th curvss 83 in Pig.12. In this fijurv tho oruves pluttings
rrue tho lata of Pico. B te 11 ars ahwn £oF the yypor anl lowor 1mgtm3
cuymn. for the lowss® rnnt hishoet Roynol 8 rardoss of tost, viz: 160 and

toi.

“e3/
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Leds Wftor Figs, 2 t0 12 were lrawn, Durthor lats froem Ref.6& wore
cramingl, and the wrer and lower lintting carves for Rgmelds numbar
6 x 107 Llot¥ed in Pig.12,  The agreczent with the liniting curves of
Pigs. 8 tu 11 in exouliont,

Lebee Tho roaulta for tho 15L1 serica {Ruynoldis nwlbor 106) ara
noluded in P12 and uro sistingudshol by she 6o iitted curvea for
tha two tr&na;%im Xattiana O.1c and De50. It will lo notol that,
whon tho trailing-edite analy - 18 25 oo, *.hcra 15 ngroomant botwoan
tho up por limiting ourvo (Reynclds numier = 100) conl tho 13541 tosts
with Laokward transiticn, Whon T i small thore is wed sgruonent
totwoan tha lower liciting curve anld the 1541 lata with forwerd
transition, It 1o oconolulod that the lower limiting curves cf Pigs.

8 to 12 woudd oorroayend t¢ far forwarl <oiticna of the transition
oint, whilat tho upyor liriting ourves opply % transitims woell book,
Whars T is smsll the ujjor limit applics to thimur zcotiuns; it is
+rvbablo thot this lirmit ahcull o lower for thiok sucticna. Whorp
tranaition i3 fairly lufinitsly knuwn it svems iicely that ag/{ay)

can to estiroted within %2¢ vut whore transiticn is wnxnown tho ostimate
tay o in errer by 258,

A turther intarestang feature of the 15hin tustz in the Re.EB.

Tunnol (sso Pies.ty and 12) is the ovilonce that ot tho hifhoat
Hoyne 148 nunbor, about 187, tho 1ift slcjo, currectsl for cumpressiblility
offucts, szrooa waith the luwer iimitin: curve from tho penercl Jdato.
The value fr.e tho (LGB Tunnel definatery corrus;enis ¢ on transition
soll furwarl on the u jor swrfacu in the neyghbeurh .ot of 08¢

Lede Table 1 hoo lwon curjpilal with @ viow t. saescating s proceduxro
fur using Figetl £or Lrtarrindne oy /(ng)p wn o civen cago, thickneas
orerd ratic, treiling-ocd e an-le and Qeynllis el toins povn. Th
Tolle sussests Likely valuss for hayn. lis numeers 0%, 6120, and 1.7,
trailing-eize unclea &, 10, 15 and D0 leg., L thio.oress-chord retios
Js09 and 0015, valuns boins cetamatol £ or Wy A -.aitiong of the
transition oint, It .. thourht that Tatle 1 oo ~5 the availablo
Wata suffsolontly woil ©.r ool uze, Gtheoeh oroiter (recision is
Fghly ioslrelle &f thy sulsequunt ¢.nir 1 o-t.o0ti an re to Lo aa
rulintlo sa _aasitlo.

heb, PRurthor r. ol ux oeruadits nuoisi

In viww of the sio us,urtwmeoe of the quantity a1 /(6. )T y it
iz o mattor of suweo urfanoy that furthor tosts shouil Lo oarriod out
with tho s,pocific -ar<ae «f loterrining :14€t slo,ws rolated o woll-
Jofinol o.nditiona, 5¢ trat tho ohart Pip.t. ray be lettor ostabliasled.
A rango of Roynelds nurlora should bo coveres, transition sheull Do
olaarvel and cuntrolled whore nocessary ¢~ oive suffisient variation,
and the sceticns choson for tost shoulld Lo sush as wili sysdy tho
roguiruvd nusbar of xoy (vints on tho chart, The rain wocincss ilos in
tro region of amall voluos of 7, and zure data on thin assctiuns in
genoral ia moodol, In crlor that the ounliitions letermining Lift slopo
shoull bo bottor undorstood, sumo attes;t tc meassurc (llzplaocomont
thiokneascs of the amdary-layers in tho regicn ¢f the trailing-edge
with greator accurncy than has hithartc oon nohicove! is very such to
¢ recanondol. .ocuragy 43 roquirel in theso zoasunrants tocauso it
i o 4ffsrontial affoct betwsen tho ujper anl lower Mounlnry-layosro
which 3 iz ortant in relation ¢ the swasured Llt in any siven caso,

Tabls 1/
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PYart Il.~ The Varistion of Lift Cosffioient with Flmp .ngle.

5.4, Thooretical vuiucs of the 1ift lurivotive. 30, /3n ur 62

T o first o_rexration the ratic of the theoretical vslues
of 82 and ae iz anivendont of thicanesos-ohord retic, su thot the
surve of a,/%  ahnst fla —ohori ratio, I, for o thin flax plate,
2iven in Pli.16 roy Lo usel %o letemne {22)a frus {ag)pe

5.2, Dxperimental roesults for the 151 acrioas,

The rotic “2("2)'1' i3 pluttel agoinat troiling-odge anglo in
Fige13, for floj-chord rotica, I s .2 wnd O.k, and for two positiocns
of tronsiticn, In Figeil, 2;/(8z)p 40 ;1lotted coainat 8,/(ay)p >
It $a sloar £ror Piz.ie thot within the limits of oxporimuntal error
(shown by tho lotted linesz for 2 = 0.2) there is a definite
rolaticnahi, Lotwoen thoms quantitics for o given valuc of Z.
A Tew points for M,a.C.A. OU15, from Refa. 11,12 are shown in the
figurv and appoar on the whole to to oonsistent with thoae of thiz
ruport.

Tho oxporimontal rosults at the romaining valuos of B aro
given in Pig.15, whore the retio a,(uz)y 1z plottod against X foxr
a sorios of valuva of &i/(8q)p » %’ha oxpurimmtsl points have buon
modifiod plightly to make thul oorruspond to tho mariod valuos of
a,/(8y)p 8nd ar plotted to cxhibit tho dogres of smoothing nooossary
18 obta;in 8 rogular soquoncs of Curvad.

The curves of igs.il and 5 are cortainly indopondont of
transition pousitivn wnd shouid bo indopondunt uf Raynolds numbor,

5.3, Chart fur finding 3 _/n,

Whan  54/(sg)r Bad Lusn detumingd, frum dats such a3 thomo
of Mg.1l, ny/a, oan by founi fror Figiv, where it is plottcd ageinat
E in n fazily of ourves wish cunstmt ay/()m .

In Huf.h Noysior wrd Iyona doducsi two~dimensionsl valuos of
aa/8y fram a large cslicction af da4s, minly from Amgraoan souxrves,
hair two oxtrume carvus for teaslang-udge sngles of 71 dogroos and
25 degreoa ruapectively are ruproduced in Fige17, whers thay aro shomn
4ottod. Tho hour.dt corresponiing curves from the lats of this roport
aro shown by thy full lines for adf{ag)y = .85 wnd e 70 respoctively.
Theso two valuea of o4/{ny)p correspord to various combinationa of the
throo parnmoturs, Roynolls rusbor, sranoition point, troiling-odge angloj
typioal sots of those quantitics are shown, on the figuro. 1t is cloar
that all the reivvant paramotors muct be cunsidorod whan catizoting
14ft and that Pig.§ of Ref.l iz not guneralisod enough for correctly
sstimating 8,/3 . But tho data uast by Haylic rnd Lyons would appear
to ounlirm that the rosults of tho investigatico of the present roporst,
oxprossvd in torms of tho rutic 01/(8q)r » M¥ bo oconfidently uset
ovor & wido rango of Leypelds muclors.

part 1I1./
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Part II1.~ finge Mouents on jlain Plaps.

é. Introcuctica,

6.1. In Rof.1 Pruston at first found that a plotting of
b1 /Aby )y egainst u,/(sy)p gavo an sprarently unique curve for o
given valuwe of 3, b—.r: flap chord/nurofoil chord rutic, btut iaters (19)
ho recognised that this ourvy was actunlly only unique for a given
sarofoil shapo. Thors o3 still revason $o beliove thot tho curve was
not dependont on Ruynulds nurber or m the poaition of transition. To
extond the range oF oxporirental svidencoe™it waas docided to carry out a -
sorice of tests on n.ow nodels, bascd on a low dreg dosign, so that
transition oould be doloysd boyond the half ohord poaition, Purthor it
wns planned to modify the roar holf of the rolel ao that tho trailing
430 angle of the section wsull be relucel in ctages to zoro. By this
moans it w3 hopel to cbtnin .uch thinner boundary luyors as woll s
tho thicker cnos charnotsristic of large treiling olge angloa and of
forwrd tranaition. This particulsr sim has not in fact beon achioved
to tho extont that had boon hopul and it is now roaliscd that, cpart
f- e the possibilitios of ortificisl roduction by suotion, tho boundaxy
loyer thiocknons can bo relucol irsstically only by a vary large increase
in the Ruynulds nurbor of tust. lHoverthoeluss, tho renge of trailing
oigo anglos ouvornl has roveslold dmportant facts sbout contrul
aoufficionts, and hos lei to » pocaibly rromovork for currclating
8y, 83, 3y anl by sinilor %o that firac suggostel by Prustun,

6.2. Dosgription of the cxperimunts.

Tho sorufuil profiles tcatsl fur the purposes outlinod in tho
pruceding parmgreph aro dllustroteld by Pige.? and 53 thoy tru all of
thioknoss-ghori~ratio C.15, with ot crlante ot Jodie, ml tho
surics will bu refnrrod to os the 1541 scries, The ruar portion of the
original nor.fuil {oniled 15ht, Fii.?) his Leen ayctonastioslly rodified
80 48 tu gavo a mingu o tradling o bu weles fron O° to 13229 In
tho uriginal progragen, oach soitficntion vaz ¥ o fittul with plain
flaps with chori ruticns ranging £ Oub to U408, but thoro wos tino for
only B portin of the jrugrems to be crplotels The transition point
wos varisd in jrsitin e L.t W 0,69 of the chori from the lsading
odge by meana uf sdres; in sliition the trnsiticn was nllowel to
coour, without wires, botwsan .65 wl .70, The gi ot tho hinge was
eithor oxtmmely small, np ruxinately aenl, oF soale i with greeso in6
31l the experimonts, The Roynolis nussbor of the tests wag .96 x 15°.

Tho moicls were & £4, sjan anl 3 in. churl and woro sugpenlod
from o reof Lift balance §y taans £ 3 parsllel motion linkogo outsile
tho tunnel; thoy worc oomnoctul % the linaago by atout stocl tubos,
whioh wore surrouniol Latweon the rolela aml the tunnel walls by dwry
serofoils of the anmo scction as tho solel under toat, A plan of the
codol ant Leries 18 oot up in the 7 ft. No.z tunnel is given in Pig.18.
Tho gapa botwean tho aorfoil un the balmoo ent the duwrnies st ceoh
end woro of the orlor 1/16 in: an attompt to roaswrs the offocts i thosu
gogss on 1ift anl hinge roment lod to tho oonolusion that the offoots
ware almost within tho limiwe of exparipantal error nnl call not be
ofinitaly dotorninod. Tho offucts of the gopd have thorofore beon
trectol as nagligiblo, Hinge carents woro roasurol by reans of a wire
attachod to o shert sting 2t one oml of e flo; and te o light telonoo
«n the rouf of the tunnel., Tho hingss of the flap wore &.all ball
boarings, xupt wall oclsaned and lubrioatod, wnd ware uprectioslly

frictiunloss,,/
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frictionleas. Considorcbls carc uaz token to cossure anglos of
inoidonce and flay angles nocurstely, btecouse the ringes of thuse
anglos ovor which trensxtion ccul. bo hel! fixel was swalls tho
quantitios rvquired froe the toats wore glopes of 14f% anli hingo
motont with rospoct to thuose angles and clucs .ndy bo letertined

{ within 1 tu 2, 4f nrgles otull B rwnsurel o olvat 20,05°%, anl it is
boliovod that this wss in the newin schicvol,

; _iti!;t‘_‘_vf [y .‘Aols
i
? %,
i e Tato o ol e oF Lt cuelficient ith
¢ 3 inciconoe,
.ach
G, @ e, rato of change of 1ift ocufticiemt with o,
- ¥ sotting.
; K.‘H
b, = o, rotc of change of hinjo repout coelficiunt
A with incilence.
%y
by & e, rate of chongo of hingu moent coofficiont
! b with fla.. sotting.
. t roxinun thickness f winge svetivn,
;
!
} € trofling cie angle of the secstion.
g h ros bt £ twinel oreas saeatin.
'
{ b broa s, o tunnul ceruss oot n.
{ Cz" ronsurel 1ift cooffioiant in tunnol.
i‘ & roLgurud hange rmeant coutriosant in turnel,
] }
\ a’ raenawrel ancllanoo.
-t woongured fla . lafloction,
3 saui-gian of nwldeld, oxclulin «aszy onlis,
La ilenice ouerrection luc b fwro.wl will
antarforanoa,
s
& C:/

PR——
—

B

T e T
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bcz‘ currection of C. Zue to tunnel well interferance.
Loy, oorrection of C; duc to twnncl wall interference.
lo Iistanou of centro of jrosswre fron the lowding
0}\‘:00
%
} 14 valuo of L fur 1ift luo % inciiloncs changoe.
!
z 1.2 valuo :f 1 for 1ift lue to flap angle.
) mtic of flap ohord to nerofoil chord.
H
1 .
! T suffix tc lonutc thooretiosl voluoa of the
i coafficienta 8y, 0.,y b1, bz for
sotential flow with Jaukowegy value of tho

sirculation,

7. Tumeol Intorforence C.rrectin,

The two-dimensional tunnol intorferunce has teen doduced from
Rof.7 (Brysnt and Carmor, 147). The first currcoction to bo applied
to the moasuromonts takes account of the incgeasc in wind spoed due to
tunnol blockago. In tho notation of Ref.7, 8 .1,

@ v &l t<
e 062 o e Oy =
v he ch

whoro A' , tho sootional arvs of the wing, is spproximatoly given hy

A' ¢
-— a Cob¢,
et 2

thoe tumol height h = 7 ft., o = 3} ino., and
.(*; s 0,15 Thus

iy PV ittt

(8v) .
—— o O T e LWOLT = T.0180 = 192,;,
v

ard the sorodymamic prossure 3pVe i3 incroased Yy Z.i., The msasured
coufficionts rru tharufore ocrveotod Yy 2 faotor :).9765.

Danoto/

R S B e S R P 1
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st Wy GI: and c{i the moasured 1ift and hinge momont

cwafficionts aorrootod for tunnal blockage, Than, if o' is tho
aoesurcd incidanco, in the rengoe of linocar slopes tho turmol durivoctivos
srv dofincd to o

(31)' = C;/G' z
() = e/

Similerly if o' 4a sot to zerc and the flap iz given s moasured
defleotion = for symmetrical soctions

(52) ! - CIZ/‘? s

(bz) ' = c;/ﬂ

The intsrforonoce in adliticn to tunnol blookagu takoa tho
form of an inoidenco corrvotion (4a), and of correccticns appliod to
CL and Cé on acccunt of thoe inducsd curvaturs of flow,

2
x [+]
b4 e - ' -
(6 o) = <h> CL (1-21)

whoro 1 is tho position of the ountru of prossure noasured 68 o
fraction of tho ohord frorm tho loading odgo,

Tha ruspuotivo correotisns to CI" , C' aoro
H

S
e N s
| Xy

#

( X 02
ﬁc}{)“""““‘ ;)C -y

192 L oay
aq 2n4
2y (o4 ),: 140, 8:
30y 0y
and PR G b‘\i Pl
ay XY Y,

sherc/

e ey g B 2 1 o S o S BB U e

P
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-1} -
(o N g
mnforphmfupct}unlmof\—- 01} in Rof's7. i
57 ®

Tablo 2, with A = O may bo uscd,

It followm that the curroctod uxperimental 1if't slopo,

1 ordy (2 2
. e ~ac) . 1 (h_) 3y
- W - 200 b o gy S T . T~ ‘w-“w,,-—m‘-'—
! a' {bda) 1 x -

and tho gorrootod oxporirenmtsl hinge rmonont slopo,

2
(v1)' =z fo) 2o,
cy acy) YR (E) 3

3 - ———-to " 2o o - » - - ———~~-—§--~u--
! 1 X S
a'+{4 o) oy B (S) (1-214)

whore fur s uniform: incidonoco

¥

21 ] l
iy
If a' =« Jani £ 43 tho noasurud flop doflection, tho froe
streoan conditiuna corruspunding tu the tunnol tost are a wniform
inetdonco (Ba)
o flap dafloction n
and ¢, = C} +(AaC)

It is now suppuaed that o, und b, ~ro inlopondont of ¢ snd the

smoll incidonoo in rulrusantol Ly ruspoctive negative corrections
~a4(8 a), -by(da) t. C, G. Thm

X 0\ &:l A [+] 2 3
o, = (8)' jt==~—]|- at gy f |- (1-21,)
k‘ 192 \n | ay .8 \n

’ x [Jo\¢ Gy x ¢ ¢ i
b, = (b)'<(a2) ;';; N ;‘; oy {:é - (1-&1:)}}

wtoro 1, dopenls un tho flap churd rotiv 2 and is givom in Ref.7,

Table 1.

The/

i o —



Tho oorrecti.~a are finslly oxprossod in the convonient fam

(24

1o (Pec)(ay)

. a2 -
V

(by)’

s o D i A —

1+ (GeH){ayg)

| sz = (8g)t = (02)' ay (P + 6 - 3),

g by = (By)' - (ap)' by (G« H-J),

x fo\2 2

“==| =)o smmome—z = 0.00373,

: % (o) 2
' C = ~el-}.
18 \n

: . j./“\z/lh/m) = 0.002087 "'/4\
i

vhoro P =

1
- - 0-”97,
2

i \%/t \ \d‘{

L.} -~ 4wven in Ref.%, Table 2,
T

J = :;}: (— /! e = ;) b va670 (12"'&)’
whers 1, ia giver in + 4., Table 1.

8. Rosulta of tho dotornination of by (3Cy/da).

In 2ig.19 arv given tho results of spooial cosputations of
(by)y dividod by (ay)p , for tho 1541 soriss and for Pizroy scctions

of differant t/o and T . It will be notod thet tho thoorotical voluo
of b,/a, is a funotion mainly of ¥ and t/0, ond to & minor degroo of

trailing-odge anglo, T . To facilitate interpolation Pig.1% is ipaluded,
vhare b‘/a,;),.: is plettod againat B for T = 10 dog., and for ovenly

apaood valucs of t/o, Tho owrve for saro thicknoss is of ongso that for
2 thin ;lato {Re’f. B}, 7Tho insct figure in Fig.19s provides for tho
curtoeticn nooomdary Af T 1a not 10 dog. foy tho sooticn wds-

cmsidoration/ i
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considerotiun, If tho naxi::m thicknoss of tho seotion coours furthor
forwoerd than abuut 0.35¢ it i3 proforublo to uac the mothed given Wy
Thamas in Rf.13 fur tho catimaticn of (b oo

Tho caporigmontal values of b, aro collioctod ond oxhibitod
in Pigs.2., 2t and 2z, In Pig.20 /(%) 1o plotted cgainat B. It
will o noutel that the groups ol curves Yor coeh trailing-cdgo anglo

8ro acparstod fruv no wnother,  Fur mcdium volues of 7 thoro is
littlo changu in . /{ - jp With E; fur larger values of T

,
b;/(b1 )’x‘ inervassa with B, whilat fur smallor valuss of 1 ,
b1/(b,().r dooruasca with wnercase of £ . It is remnrkable that

ba‘/(b1 )‘i‘ oan actuslly cxceed unity Ly = very large rurgin whon

T = 7, In Pigllt, ba/(b‘ )’Z' is plottud ageainst poaition of transition,

and it will o clear thet 1goin Uor mediun values of 1 there is littlo

e

change of b,/ >T « It i3 curisus that whan transition is back at

Co50 and B a 0,2 tho ourves cxro cluscr togethuer than vhen tresnsition
ig eithoxr Lol ur very oo tack.

Trirdly, in #uo,.., L?/(L‘)T 13 rlotted against 1 and the

rolationshiy totuoen those oranaturs 1o .pruximately lincex.

9. Hesults of %ho %oy oot O f b_‘( /b

o~

Tha Llan I8 Sacu. Y. oL N LM ) wxrabdtold in r‘lg.lj w
plotting of {UL./t J~ oo ot J. T ttan plote cave io taken fron
Rof o8, and the vila.. . - : W1 war s gjuciossdy oumputod for
tha 1{;&.1 sorias U .,,,tw Wao Toomsu.3t w. dntern; ioting fur lifforont
valuosg of %70 a £y 0 o, flr v o= 50 o, woo oalewlotod
by Theras'e nothe d, “L:'.’-j. claoee wen o Figl.dsa, Corroction
cwrvos for use whon T .3 w4 ' logl o inact an the figwwo.

In Pt and 45, ':;/{L‘)T ia l.ttod agninot jcsition of
transition and troiling-olge sngle ruapectively. Hore again b?/(b2),r

warios Little with trunuitian or with Z whon +  has a modium velwo.

13

Tho reinticn botween bo/(b,je &nd T is not quito lincar; tho ourvos

ary cunsiderstly stooper for transition forward than for tranaition book.

1.. Ralatiun leftween Y, and o..

3

1.1 The next tuw. fisures, L4 wnd 27, show tho relatiomship botwoen
By /ity ad o a/(ny Jp o+ On the nsswmpticn that b, will have its

thouretical/

o
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‘rf
thooroticel valuwo whan ay /e, Jp is unity, tho gquantity slotted ia 3
q/(t:,).r Uvided bty a,/54)r , which should tend to unity as
34/(84)p tonds to wnity rur all sorcroils, In coch figure tho grophs

for tho 1541 sorics oru Jrewn for tronsitions C.ic ond Ou50 , R
baing spproxinotoly 106, Curves fir cach troiling-odge angle are
suggested which sll moot in the nuighbourhoud of unity for beth the
plottod quantitios,

10.2, P4g.26 1o drown for 2 = G.2 . From tho rusults of tho
tosts on tho 15413 scotion (v = 20 dog.) icnoe in the R.A.E. tunnel
Ho.2 113 £¢, Yy B} f£t., the points for two trunsition positions are
lottod along the lowest curve, tu which thay bolong. The agroozent ia
roordinarily good for this clasa of neagurcnant, and givos scoe
mmduf el torﬂ oonfidsnoe in tho suggeoted method of gunerslising the results
G mIK.

10,3, Scme further chocks wers sought ancnyg the numoroun reports
from the N,A.C.A. n this subjeot, Conaiderableo difficuliy wos fouumnd
in gurrelsting the Anoriosn work satisfact rily for this aspocisl
purposs, ond it was therefure concluded that o totter cheok would be
furthooning ty using ourves which were rucormended by Jmericen authors
thmasolves o5 roprusantstive of thoir experimentsl results. Pig.13
of Ref.9 gives & family of such ourves, Twc voluoa of T , 12 deg, and
20 deg. , worv nslucted and tho correspanding values of the theoretioonl
hinge monent ccefficiont, (by ).1. , ostimnted; (b")'i‘ coul:dl be given

values betweon fairly narrow limita. The quantity a,/(a, )T cadd bo

given a rango of poesibls volues socording to t/o , oto. Finolly
points wore plotted for oach troiling-odsu anglo which woro woans of
tho oxtromos of the ceatinatod quuntitius. The usult of this prucedure
in both Pig.2f and Pig.27 {vhich rufors ¢ L = C.L) is satisfoctory
o8 far a3 it gues, and proves that .nerisan lsta ot lonst give rough
agroonent with the proposod gonosralised sshare, Until fucrthor
oxporimonts Jonignoi tu yicll all the nocoasury touguronnnts, suitalldy
cowordinatod, o unlorisien, thoe chucking over o wider rango of
varianblos is not jossitls,

11, kelation betwosn bz and 8y .

In Figa.23 and 29 the mtic tp/n; divided by (b?/u..),r is
given sinilar trostmont tc thut gaven to (©;/oy) divided ty (by/e, ),r

in Pigs.26 and 27, Thoe grophs for tv. transitivna O.1o and U5 for
the 1541 serics sro druun and tentative curves drawn tu roet near {1,1).
Similor chocks tu those In ?ig.<26 are showt by the plotted puints in
Pig.2B, vhich arc derived fran the tests in he R...2. H-.2 1% ft,

ty By £2. tunol. Tho agresment with thu curve for the troiling-edge
angle 2¢ lag. is satisfoctory fur nedasurwconts of this chorscter. The
R.nen. tunnel results for b werv twre scattorec than thuss for by,

Ple./
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Pig.13 of Ref.? wao usel s;iin to comparc rwan volues of
(by/ey) divided by (b«g/a“:, frun anerican svurces, anl tho points

plottod for trailing-edze saplos 10 der. ond 20 log., are in very
patisfuotory sgmecrvnt with the enorvliscl schae, in toth thoe figures
24 and 29.

Onoe point for o trezlaingeaice angle Wf 36 deg, derived fron
Pig.1) of Raf,9 b  lotted in TL0, 0, wnt rorvos 23 2 rough guldes to
cxtroolation tu larpgs values f T

12, Lffeot of Tranastion dovaoent on One Surfsco ondy.

It iz wull znown that in nractico trensition tekios place on
thw wyor swlsce of u wing 8 little tu the roar of the point of maximum
swoticn, o;2art fru any luesl fosture foruerd of this peint which may
osuay pransturo transitiun, LSsuning the swfuce to be poarfoctly amcoth
ond tho strow: to Lo jorfuctly non-turtulont, tranaition on an corcofoil
uf 1541 typo will ocour ot u.65 tu 0.0 on both surfncos at amall anglos
¢f incidonoo mnd will trevel furwnrd vory quicikly, beginning ot an
m@w of 2% to 3°. On tho lowor swfose trwsition will oithur

in 6% G.65 to G.70. ur move sluwwly tu tho resr. It is irportant to
“now therofors whot happuna to thoe hingo morante on o {lop whon tho
ositiong of tronsition ore not the same on uppor and lowor surfaoces.
scoordingly soma oxpurirents woeru made on the 15,1 sorufoils in order
te atudy the offuct of asyrnietry in trarsition. Figl. 30 shows the
rosuits of moasurerent of C, made on all fave of tho acrcfoils at 0°
incidence with flais sut st “0L° , tnd a tronsition wire placed ot
vorious poaitions on wne sawrfagco only. The of foct i to sive 8
nogntive 1ift AL the wire is cunoidoery’ to e on thoe "wpor” awfoco
of the ayrzotricul wcerufvilo. Fut ihus negativoe lift is ouch larger
whun the triiling-elre %i0ils 7 iz large tian vhen 1 is anall,  Somo
light 4a thrown -n the ro.son for this by Fic. 31, vhore CB is plotted

souinst jcaition of “iro. shen v = 13.2° Cy as positive for forvard
transition on the u per surftcu, wore.ding of cuurse to sere as tho
trangition =oves .o 4 . Lrstion nuar 1At of the lower surfaoco

{3e65 t0 O Tce)e Howover, “tan - 3 U, G, an nesative for forward
transitiun un tho up;»or surfucue;  hence in this case thore must bu o
sositive lift on the flap. whach alrwst cangoels tloe docreasel 1ift un

tho forwesrd part of the wing.

Tho orlinatos of the curves Pigs.30 and 31 givo & measurc of
the Jwye in C, and Gy which wauld soour i€ transition suddonly

movod forwerd with clanso of incidones. .8 far as cﬁ is oonoarned it

is spparent that for & = 420 the nost favoursble trallingw-edge angle
18 9 or 10°, if the change of Gy with trensiticn is to bo & sdnioun;

this sgrovs with tho cwnolusicn abowe that by is unaffoctod by
trangition change wam T = 99,

Those/
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Theeo ocnaidorstions are further illustratod by Pigs.32 ond
33. InPig.32 Cy 18 plottod againat o for 1541 with 25s flap in

the usper fizure, and for 15.1a with 153 fiap in the lover, v has
the ve 159 in the first csasc and 19,22 in the sceand. Curves arc
plotted for nc wires, wiros ot O.ic. un both surfaces and on me
surface anly. Froom o = C° to a = % the curvo with no vires
snl that with upyor wire only tend to be rvughly parscllol, and the
two curves camg togothor in the ncighbuourhoud of o = 5° whon the
transition ooours naturally on the upper surfoco at about 0O.tc. It
is diffioult to underatand the sbecrvetimis in the uppor disgran at
+3°, which de not ogree with sufficient sccuracy with thoao at -3° to
moke the phonononc clesr. It should be remarkosd thot dCg/de  with

both wires is lees negative than for no wirus for tho 1544 model.

Pig.33 appliocs to tho 1541d model, T a O° Hore again
from o = 0° to o = 2° the ourvo with no wires is approxirstely
parallel to 4hose with ons wire, The curve for both wires is (in
contrast to tho caso of T = 19,2% , Pig.32) stoopor than t for

no wirog, .lso, ss explained in the comments on Fige31, the uppor

wire anly aurve is below the nu wire ourve at first; the tvo cwxves
como togothsr at 2 = 59 The lower wiro «uly ourve ccalosces with
tho two wire ourve at o = 5%, but at a point lying above the rwoting
point of tho two formor ourves; it appears thot ot 5° incidance tho
oondition of ths Loundary layor on the lowor swrface is otill s prooicbly
affacted by the prceonca of tho wire ot J.lc. ot 5° incidonoe so that
thy ourves do not all coslosce 3t tho sanc value of Cy.

It io cloar that all tosts of controls, when it is possiblo
for transition to start far Lack at amall incidemoe, should includo
casos whero the transitions arc asyrmotrioal (sec Rof«10). It is not
sufficiant tu cunfine the toats tu the osBus with noturcl 4ronsitions:
sco knowlodge of tho offoects un 1ift anl hanio rononts of novoenonts
of tranaition, Loth aymmutricslly and ssymmetriocslly ia roquired,
boocauso tho ocnlitions of transition un rolecl and full soalo will in
gonernl Lo difforunt.

13+ Volues of G at Highor Incidanco and isrger Flop .ngles.

8o far only cuoparatively sall changss of incidenco and flojp
anglo 'ave boan oonsidored, and therw haa beon no soparation of the
turtulent bvoundary-iayoer on tho uppor swfooo ot the truiling edge.
Soma Jdatn are availablo from tests . to 102 incidence ond flap angle
on the sarofoils 15.1 anld 15412, Those dato are curariscd in this
parogroph. Pig. e givoas twe exom:les of the reasurenonts of Cx for

the ‘51 aercfoil with trailing-edge angle 15°. G is plotted ogainst
6 +m, 8c thet 1t is sauy to drew ocurvos of me for omstant o
(fuil 1inoe) snd Oy, for omstant n (dottod iinca)., Tho former
curves are linoar ovar the range I5° at loast so lun: a8 o lioa
betwoun 2°, whilst tho lattar aro linoar over the rmnge 32° s0 long s
in } 5°. Thoso anglo rangos dofine the lirits for which the transitian
woints on tho twe surfacos oan bo hold fixcd, Cutailo thoss rangos tho

novesonts of trunaition and the togimmings of twrialent beundary layor
soparction at the trmiling olle oo ron~lironr curvos.
Pig./
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Piz.35 gives sxaies of the offocts of trunsition movomants
in ths case of 15414 sgction with tmilinrecdge anqls 19.2°. Linsarity
extonds over the rango 35Y fur the Gy,m cwrved 8o lung 8a sl 1 1o,
snd ovor the rango ~2° for th. C,ﬁ.

Tho waves noarost the oricin in the Gy owrves wre due tu tho

e curves ac lang es v 3%

revonont of trunoitiun furwael an the noochooaarrood of gcl s 29
tho soound tuming |<int at ateut o] = 62 arv Juo to the buginnings
of turbulont soparatiuti.

In tho oxyporinants illustretod ty Fize. 3. and 35 there weru no
wiros to fix trensition. .. comierison of Fig,35 with Pig, 36 whore wiros
oaugel trunsitiun ut O.10. shows that thu wivea in tho Gyys cuxvos

noar tho origin lisapposr vhen transition iz hold fixod ot U,10. and
duos not change 8t 2 4+ 29, Buth &Cpfda and ac-B/an arv

considerably ruduoed tw the change to : forwand positicon of tranaition,
88 hos boon rocnrlod above in the discussion m by anl bpe at tho

larger voluos of o 1l v tho influonoee of the wirua nt first bocomos
amsll, boosuso ths naturel transition, at any rote on tho upper surfaco,
i woll forward, Lut the wirges tond to ohuno an carly turbtalent
soparstion on thy ujiar surface, ind wires on tho lowor surfacc are
obyectitnatle lewonuse in nost cases on 80 .oth wings tho nrtural position
for tranasition iz woll lack whero wires wull produce corplicatod
Loundary layor rofiles not mopresontative of practiocdl conditions,
Wires aro thoref.ro wly suitable for contrelling transition for
sxporimental ;urjoses uvoer small rantes of & of the crder =3¢, ond

of v of T1,e,

Ty Volueity Trovermc ot tho Trailin . Sice,

Total head ani static sreasuwe fules were amployed with some of
the modols to measurs veluoity sToliled 4t tao wWroeiling oije. The
instrumoents wars trovars el sivn Loret CSros the traxluw edgoe at right
angloa to tho biasctura of uach of the Jnzles lotweon tho chord and the
surface tangonis;  tnin smo talia to Lo o, Crrrexdmation to the normals
o ths stroom lines. The ressdlts nru illustroted by Pigs. 37 and 44,

in Pigs. 37 to 19, tho mtlo of local volocity g to stroam
volooity U, 1o piottad againat distanou frue tho trailing odgo in

tarms of the aurofoil chord, Tho spproxisate locstion of thu boundary
layar edgus i3 aloo show in overy osso.

Pig.}? refors %o the no 1ift condition 'nth 3 = = = O

Tho uppor figure is for tho conditiom, "sirvs 8t O.1c.", and tha lowar
for *no wirva®, with transitians 3t 0.65 to O.7c, Thor is vory littlo
vartatiam of 5 /¢, the boundsry-lsyer thiskness rition, with sooction
stopu, It is also inturesting to notc tho groatur relativy suduction
of lsplacoment thiciknoss, roadily soon fron tho profilo shapes, duc to
tho cusping uf tho soctior, whon transiticn is beck of owspored with
tha forwerd tronsitiche.

Pig./
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Pg.38 {llustratos tho volocity profiles fuor o = 2°,
n o= 0°, O being in tho neighbourhood of 02, Tharv ia again littlo

offoot an &/0 due tuo sootion shape in tho uppor figurc (with wires)

and in the lovor figure {no wires) in the ocsc of the lowar aurfoce.
Howover, Y /u on tho upper surficu tonis tc tooone approcicbly smalloer
a8 T 13 roducod whan trnsitiun is woll leck, =nd displocement thioknoas
is cunsidorsbly roduced on toth surfaces Yy cusping the soctioun.

Pig.}9 oovars the onz: a a2 (%, = e 3° giving opproximotely
the samo Cp 23 in tha cioc Joult with in Pig.33. On tho wholo tho

bohaviour suggesis 3 sinilarity Lotwoon the or'foots of setting over the
flop ond otw.%nomssmg trailing sige angle 21 constant incidence. The
shapes of the upper aurfoce curves with uires at O.10. suggust a nenr
approsch to soparntion.

In Pig.i4C, & /0 is plotted against tmiling edge anglo for
o ® 29, - & G,andicedso for a = - = 2, The curvos for
"no wirca” aruv drown £ull; those for “wirea »t O.1c.” dottod, It will
bo noted that £ for "nu vires”, lower surfscu, iz alrost unchanged
by the change of incidonge nd by change of T. On the othor hand &
for the upper surfaco rises as T  incresscs. Treiling odge anglo has
littlo offect on &  with tronsaiticon forwerd, but tho incidencou offocts
oro a dogresse in £, luwver ourf-ce, and an inorocav on the upper
surfuco.

Pizebtl s suualor to Fin.l0 with the plottings for a = O,
v e 3° gubstitutod fur ¢ = 29, - e (% The rerarks made above
roloting to Fig. W sppl to Fig.ot in the nain, #®ith no wires the riao
of 5 on tho upper surfsco with T is ruch roro rorkod.

Thoso data nre roourded in this report Locbusc it 3s hopod
latur to axplein tho tohovicur of conteul Plope in torrw of tho
propurtios of thw buundary layora. Preston's werk? already gives sono
clug to ths kind of corrulation to to wxpcetel, Lut nore roscarch is
roquired loforu roliatle gqaantit.tive uwatuatins becors practioatlo.

15, Outline of Prucodury in Batirsting  sg, A, by, and by

It is asauwwi that tho srotriosl zhulo of tho suctiun, flap
ehurd rotic, transition j<ints, Ruyrwlis maeter are xnown, and that an
ostimate ¢f the affeotive tratling odee ancle, T, can o rmade. The

*

valuo of T should Uy Jduterninel fra the ahapo of tho soctiun frun
0:.97%. % 1o, Thon the Lroculury i3 as Jolluns:

1) Find {4}, frae 742,95, usiny mown volwea of  t/e
} &
and T; or sitemstivoly uco the fomada (1)
(z) P2 ay/(a) from Pig.12 or Toble 1, waing inown

valuos of Roymolds nuebur, tressition locotiona,
and trailang olge engle.

{3} Pund o /e, fraoFLil6 frao a!/{n,)T and Z.

&)/
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